In this paper, a methodology for estimating the optimal design of a stand-alone hybrid wind/photovoltaic (wind/PV) system is developed. The system plan was developed by using the direct algorithm to achieve a minimum cost of energy production (COE) while satisfying the energy demand with a minimum value of loss of power supply probability (LPSP). The collected hourly data for one year 2012 of solar radiation, wind speed and temperature in Basrah city were used in the optimization. Results of the simulation illustrate that the most economic configuration is a stand-alone PV system with LPSP of 1% and cost of energy production equal to 0.5$/kWh.
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Introduction
The world faces a rapid depletion of fossil fuel resources due to increasing of power consumption for both people and industries. So that, the oil reserves of the world are predicted that they will be exhausted within this century [1] . In Iraq, Electrical power generation stations fail to comply with the demand for power because of limited production capabilities and numerous defects due to deterioration. According to the Ministry of Electricity, the peak demand in 2008 was 12000 MW of power; however, only 6000MW was supplied. This deficit is likely to grow to more than 25000 MW by 2020 [2] . Iraq receives solar energy equivalent to an average of 275 W/m 2 with a land area of over 1.5 million km 2 [3] . So, all these reasons push forward more thinking in renewable energy investment in Iraq. Hybrid PV-Wind or PV-Wind systems with batteries storage have been widely studied in the technical literature. Razak et, al. (2008) [4] reviewed optimization procedure by using HOMER of renewable hybrid system which contains wind turbines, PV panels, diesel generator and hydro turbine. This system feeds a typical house in Malaysia as load. Khalifa (2011) [5] discussed a method to provide energy for a Reverse Osmosis (RO) desalination unit in a small community in the south of Iraq. He concluded that the lowest water cost was 1.8$/m 3 for RO unit powered by either a diesel generator or by a combination of diesel, wind, and solar power. Chedid el al. (2005) [6] minimized the total cost of the system using linear programming techniques. Katsigiannis et, al. (2010) [7] optimized the design of the hybrid renewable power system based on cost and reliability using binary genetic algorithm in order to solve the optimal sizing problem. 
System Model
In this paper, the configuration used to be evaluated in this work has a DC bus which combines the DC output of the PV module, the DC output of the wind turbine, and the battery bank. The AC bus of this configuration combines the output of the bidirectional inverter and the load. 
Wind turbine Modeling
Each wind turbine has its own characteristic known as wind speed power curve. The shape of this curve is influenced by the blades area, the choice of airfoil, the number of blades, the blade shape, the optimum tip speed ratio, the speed of rotation and the cut-in wind speed. A mathematical model for the power curve of a wind turbine taking into account these parameters is as follows [8] :
Where: However, when calculating the output of the wind generator, the measured data of average hourly wind speed must be converted to the corresponding values at the hub height. The most commonly used formula is power law, expressed as [8] :
Where: v(t): is wind speed (m/s) at desired height h (m), v r (t): is wind speed (m/s) at the reference height h r (m) α: is the ground surface friction coefficient, the one seventhpower law ratio is used corresponds to most common surfaces [8] .
PV Panels Modeling
The output power from the PV cell is affected by the variation of cell temperature and variation of incident solar radiation. The maximum power output from the PV cell can be calculated using the following equation [9] : 
Where: T amb : ambient temperature (°C)
NOCT: Normal Operating Cell Temperature which is defined as the cell temperature when the module operates under the following conditions. (42 -50)°C.
Modeling of Battery Storage
The output power from the wind turbine varies with wind speed variations through the day. Also the maximum power output of the PV generator varies according to variations in solar radiation and temperature. So the PV generator and the wind turbine may not be able to meet the load demands at all times. A battery between the DC bus of the hybrid system and the load will compensate and act as a power supply during these times.
At any hour, the charge of battery is a function to the previous charge level and to the difference between the load demand and energy production of the system during the time from (t-1) to (t). During the charging process, when the total outputs of the renewable generators are greater than the load demand, the battery charge at hour t can be described by [11] :
When the load demand is greater than the available energy generated, the battery charge at hour t can be described by:
Where:
The charge capacities of battery bank (Wh) at the time t and (t-1) respectively, ∶ Hourly self discharge rate. At any hour, the storage capacity is subject to the following constraints [11] :
Where .
and
.
are the maximum and minimum allowable storage capacity respectively.
For backup batteries, SOC is considered important terms during the operation.
Modeling of System Reliability
While designing a hybrid renewable energy system HRES, the reliability of supply of the system must be kept in mind to ensure that the load will be met by the supply at all times. A common parameter used to measure the system integrity and reliability is Loss of Power Supply Probability (LPSP). This is the probability that load will encounter an insufficient load supply. Three scenarios may appear during the operation:
A. The renewable generated power is greater than the power demand. The battery will be charged. B. The renewable generated power is less than the power demand. The power deficit is compensated by the backup batteries. If the battery capacity decreases to their minimum allowable level, the control unit disconnects the load and the energy deficit, loss of power supply for hour (t) can be expressed as follows [11] :
C. In case of inverter input and total power equality, the storage capacity remains unchanged.
The loss of power supply probability, LPSP, for a considered period T, can be defined as [11] :
Costs of System Components
The optimal configuration can be identified finally from this set of configurations by achieving the minimum total cost of the system. The costs of a hybrid system include the capital costs, operating costs, maintenance costs and replacement costs. The optimization procedure is achieved by minimizing the system total cost function consisting of the sum of the individual system devices capital, the 20-year round maintenance costs and the installation costs [8] . Comparison of different configurations that supply the load at a required LPSP is based on calculating the cost of electricity production in ($/kWh). COE is the ratio between the total cost (TC) and the total energy required by the load (E l ). 
Data Acquisition
In order to design a HRES, a reliable, trusted and feeds the loads without deficit and continuity and at the same time get a cheaper cost of this system, it has to be to get enough data for finding the optimal number of wind turbines, solar panels and storage batteries. These necessary data are summarized by hourly solar radiation, temperature, wind speed, load demand and the required LPSP as shown in the optimization algorithm. The solar radiation and wind speed were got by installing power predictor in Basrah city, Basrah located in the southern of Iraq, situated at latitude of 30.46˚ and longitude of 47.7˚. The power predictor contains hardware and software components www.powerpredictor.com. Power predictor was installed at a mist height at least 10 m so as to avoid the violation of air path, and the solar sensor facing the south so that it will face the sun at the peak radiation time, the so-called ecliptic is the apparent path that the Sun traces out in the sky while it goes from east to west during the day.
Load Demand
Load profile study and determination is the first step for design of any electric power system. In this study, a small secondary school in a rural region in the west of Basra is used as load consumer, it situated at latitude (30.33) and longitude (47.50) and away from Al-Rumaila site about 30 km. This school serves more than 120 pupils. 
Results and Discussions
The developed optimization methodology was applied for sizing the hybrid energy system supplying an hourly variable.
Climatic Data
Climatic characteristics in Basra city vary quarterly and monthly depending on the variation amounts of solar radiation received as a result of variation of brightness hours which is resulted due to the sun movement. Figure (3) shows a graphical representation of the hourly solar irradiance in Basra city in 2012. Basra receives large amounts of solar radiation, the annual rate of radiation reaches to (0.208 kWh/m 2 ) during the 8760 hours. Basra city lives along and hot summer during the year. The annual rate of temperature is 28˚C. See Fig. (4) . The measured values will be helpful in the future to choose a specified wind turbine with required cut-in speed according to these data. Data shows that the wind had been activated in the hot months (July, August and September) so that it recorded (6.4, 5.6 and 5.8) m/s, respectively. Data illustrated that the lowest averages were in the cold months (December and January) so that it recorded (4.1 and 3.7) m/s, respectively. The annual average speed was 4.8 m/s. For this site, the strong gale force winds are rare, while moderate winds are quite common. 
Optimization Results
The optimization algorithm was run using the hourly values of climatic data from the power predictor and load data. The cost was minimized whilst keeping an LPSP equal or less than of 1%. This means that the load will not be supplied 1% (3.65 days) in year.
In this paper, the specifications and the related capital, maintenance and installation costs of the components of the system are shown in table (1, 2 and 3) . The maintenance cost of each unit per year and the installation cost of each component have been set at 1% and 10% respectively of the corresponding capital cost. 
